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* PART 11

/ SUMMARY
/
1
i This section describes the salient features of a six channel
high frequency trenasient recordsr which employs three double gun cathode
ray tubea. All units of the equipment are assembled into a single rack-
type cabinet. The purpose of the equipment ia to provide for independent
but simultaneous recording of as many as six transient phenomena having
high frequency characteristice which the usual galvanometer tyre of instru-
ment cannot follow., A typical apnlication is the problem of taking strain
ga<e measurements of atresses set up in armor plate around the point of
impact of a projectile.]\The instrument provides for simultaneous recording
of the individual strain| gage responses on 35 MM film, The vertical de-"'
flection amplifier provides a frequericy response of from below 10 to 2(0,000
J cycles per sec. and sennﬂtivity of 0.4 millivolts per inch of deflection.
The swesp generator provigen a linear time axis at a rate of between .2
and 5 milliseconds. Provfhion ie made for single trace or repetitive
triggering of the swesp generator. The entire unit weighs about 235 pounds,

Overnll dimensions are widﬁe. 32 1/2 inches, depth 24 inches and height

24 1/2 inches., \

\
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I. INTRODUCTION

The desi¢n of the six channel high frequeney recorder was under-
taken in order to facilitate the taking of a number of simultanaous stress
measurements in connection with the armor evaluation program. As far
as is known there is no instrument commercially available, which will meet
the requirements. Photographs of the overall assembly are shown in Figure
12, The recorder may be broken down into the following functiional units:

1, Six vertical deflection amplifiers,

2. Thres type 5SP1ll CR tubes,

3, One sweep generator,

4., One low voltage power supply,

5. One high voltage power supply,

6. One calibration unit,

7. One cabinet rack assemdbly,

8. Three camera and hood assemblies, Dumont Type 271-A.

Tull consideration has been given toward designing the instrument for

maximum versatility and yet keep the size and weight at reasonable figures.

II. VERTICAL DEFLECTION AMPLIFIER

A. Electrical Description

2

The schematic diagram * - shown in Mgures 1 and 2. A novel feature
is the use of two separate chassis units per amplifier namely, prsamplifier
and main amplifier. The preamplifier is designed to plug into the main

axplifier so that it may be removed to a remote point in the event it is

not feasible to locate the entire recording unit close to the strain gages
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or other source of slgnal. Short connections may then be made between

the gages and preamplifiers and the relatively high level output voltege
can be fed to the main amplifier via a remote cable of considerable length,
Miniature type tubes are used throughout.

The preamplifier providee a high impedance input of 500,000 ohms. 1
The first etage employs a2 high gain pentode while the second and third
st~ges are served by a twin triode. The third stage is a2 cathode follower
which provides a low impedance output for the remote line. Negative feed-
back is applied between the cathodes of the first and third etages. The
voltage gain is 35 db and input eignal limits are 50 microvolts minimum
end 0.1 volt maximum., Peaking coils are used in the plate circuits of the
firet two stages extending the high frequency cut-off to 200 ke¢. The main
amplifier has an input impedance of 10,000 ohms which is establishad by
the volume control located between the input terminals and the first grid.
A twin triode, provides two stages of amplification. Push-pull <iput is
provided by a pair of 6AQ5's, one of which serves ae a grounded grid type
of phase inverter. Negative feedback is applied betwsen the output plate
circult and the cathode circuit of the second amplifier .tage. The gain
is about 60 db. The available peak to peak output voltaze is 450 V. Shunt-
beaking colls are used in the plate circaits of all stages. A plot of the

frequency response characteristic is shown in Figure 1k,

B. Mechanicel Description

Picturse of the preamplifier and main amplifier are shown in ot

Pigure 3. In order that the preamplifier may be readily removed for use at

a ramote point, a Jones type of comnector is used for attaching the units,

e HNCLASSIFIED
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and a six conductor cable provides for inter-unit connection during remote
operation. Both unite are equipped with light duty rubber shock mounts
in order to minimize microphonic effects due to vibration.
taken to design the unite so as to occupy as little space as possible since
six amplifier assemblies are required, that is, a vertical deflection ampli-
fier for each of the six channels. It wae also necessary to reduce weight
as much as possible. The chassis are fabricated from 2luminum, and miniature
components have been used where ever possible. Oversdl dimensions of the
preamplifier are 4 inches by 2 inches by U4 inches high and mein amplifier

6 inches by 4 inches by ¥ 1/2 inches high.

C. Specifications

1. Overall voltsge gain 100 dbv

Care has been 3

2. TFrequency response
3. Seneltivity
4, Max. output voltage
5. Distortion

6. Power requirement

7. Overall dimensions

below 10 cycles to 200 ke.

400 microvolts (RMS)/inch of def,
U50 v. peak to peak

5 percent max.

450 v.D.C. at 20 M.A.

300 V.D.C. at 10 M.A.

6.3 V.A.C, 2 Amps.

8 inches L. by U inches W. by % 1/2
inches H,

III. SWEEP GFNERATOR

A. Electrical Description

Schematic diagrams of the sweep generator are shown in Figure X T

and 5. The trigger and delay circults shown in Pigu=e 4 emloy conventional

I_!
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multividrators or commonly called "flip-flop® circuits, The sweep can
be triggered either remotely or at the front panel. Remote triggering
can be accomplished by impressing either a negative or positive voltage
of value determined by the setting of R1 or by opening or closing the
trigger line. A negative voltage or short circuit will trigger V1 with
connections as shown while applying a positive voltage to the grid of V2
or opening a short across its grid resistor will cause it to fire.

The degree of time delay is determined by the position of variable
resistor, E2 , in the grid circuit of V3 . The delay may be varied over
a range of 0.5 to 5 milliseconds. Switch g3 is mounted on the back of R2
and owitches the delay circuit "on" and "off" at the extreme counterclockwise
position,

A third multividrator circuit serves as a sweep timing circuit.
The voltage from the trigger or delay circuits are impressed on the grid
of V] ocausing this tude to start oscillating in conjunction with v8§ .
The grids of the C-R tubes are intensified by the change in voltage on Rl .,
Also, Y5 and V6 are triggered and capacitor C becomes charged. The
rate of sweep is adjustadble from 0.5 to 5 milliseconds by variable resistor,
R5 , in the grid cirecuit of vy .

The capacitor voltage is applied to the grid of ¥9 which is the
first stage of a push-pull amplifier communly called a "long tailed pair®.
The grid of V10 follows the ynbalance voltage in the common cathode re-
sistor. A horizontal. deflection voltage of hsov is obtained which is

sufficient to provide a full five inch deflection on the C-R tube face.

B. Mechanical Desoription

A view of the sweep generator is shown in Pigure 6. All controle
MIDW!SY.!(S{AICH.lNSll'lUl!
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which require frequent adjustment are located on the front panel and con- 4

nected by ecabling to the sweep generator chassis. 1In order to conserve space

miniature tubes are used, Internal terminations such as power supply, blank-
] ing, trigger and sweep voltages are made at a terminal sirip located at the
{ront ¢f the chassis while remote terminations are provided by a Jones type
connector at the back of the chaesis. The cryetal oscillator unit which
generates the calibration pips is aleo mounted on the sweep generator chassis.

Oversadl dimensions of this unit are 7 inches by § inches by 4 1/2 inches H.

C. Specifications

1. Delay Time 0.5 to 5 Millieeconds

4
2. Sweep Time 0.5 to 5 Milliseconds
3. Sweep Voltage 450V, Peak i
4, oOver-all Dimensions 7 inches x 9 inches x U4 1/2 inches H.

Iv. 1OW VOLTAG. POWER SUPPLY

a. Electrical Description

The low voltage power supply is of conventional design as shown in
schematic diagram, Figure 7. It supplies voltage values of plus 450, plus
300 and minus 150. Ths 300 volt supply is elestronically regulated by means
of the direct current amplifier stage employing a type 6AU6 and four type 6L6
regulator tubes. A screv driver adjustable control permits setting the volt-
age at any valus between 250 and 350 volte. The 450 V. supply is un-egulated

while the minus 150V. supply employs a type OA2 gas tube regulator. The ripple

in all three voltage sources is extremely low.

[ 4
’.M t b w ¢t 3 T .t S &t A r C N 1 N
21-¢
4 yk' - a,.'-g‘{ cf'—;w. #agizﬁ“t
- . > p —
=, " e
_,_'. - L




-

’ B. Mechanical Description
A photograph of the low voltage power supply is shown in Figure 6.
Outline dimensions of the unit are 11 1/4 inches W. by 20 inches L. by 8 inches
H. 3Since the chassis muet support considerable weight it is made of heavy
geuge zluminum end reinforced at the center with a strip of metal attached
at each end to the chassis sides.’ A terminal strip located at the rear and

top of the chassis provides for all terminetions. All tubes are located

at the rear of the chassis so that they will be accessible for replacement.

C. Specifications

1. Supply Voltage 110V., 1¢, 60 cycles
2. No. 1 D.C. Output Plus 450V., 175 M.A.
No. 2 * " Plus 300 V., 175 M.A.
’ No., 3 " ” Minus 150 V., 50 M.A.
3, Overall Dimensions 11 1/% inches by 20 inches by & inches H.

V. HIGH VOLTAGE FPOWER SUPPLY C-R TUBE CONTROLS

A. Electrical Description

The schematic for the high voltage power supply and cathode ray
tule positioning controls is shown in Figure 8, The plate transformer sup-
plies 1500 volte RS to a voltage doubler circult employing two type 2x2
roctifiers. Tius, the intensifier slectrode of the C-R tube operates at
3500 volts and the accelorating electrode at 1500 volts with respect to the
cithode, Hesistanco-cavacitance type of filtering is¢ used in each section
of the eupply with the 2ddition of a series tuned resonan: sircuit in the

eection which supplies the control elecirode in order to eliminate intensity

4
e
[ &
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modulation by ripple voltase. In order to minimize interaction of focus
and intensity controls between channels, it was found necessary to draw

a heavier bleeder current from this section of the supply so that the
current drawn by these control circuite would be only 10 percent of the
total current drain, The intensity and focus control potentiometers of the
respective six channels are paralleled as shown in Figure 8. Dual potentio-
meters Rl and R2 serve as positioning alignment controls for the horizontal
and vertical deflection plates respectively, and dual potentiometers R}

and R4 provide for positioning the horizontal and vertical traces with
respect to this alignment point. The type 6AL5 diodes in the horigontal
positioning circuit serve to discharge the coupling oapacitors and enable

uss of a rapidly repetitive sweep.

B. Mechanical Description

The high voltage power supply chassis as shown in Figure € is
similar in comstruction to tﬁat of the low voltage power supply. Low
voltags terminations are made at a terminal strip located at the rear and
top of the chassis. The two high voltage terminals are an insulated type
(MILLEN #37001). All high voltage wiring points are located at the under
side of the chassis 80 that personnel can not easily oc in contact with

them, Overall dimensions are J inches W. by 20 inches L by 7 inches H.

C. Specifications

1. Supply voltage 110V., 19, 60 cycles

2. XNo. 1 D,C. Output Plus 2000V., 5 M.A.

Yo. 2 * " Minus 1500 V., 10 M.A.
. 3, No. 1 A.C. Output 6.3V., 20A.
80. 2 . L 2“'0. aAol
uibW!S!‘lESEAECN.INstQYU!!
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4. Overall Dimeneions S inches W. by 20 inches L. by 8

inches H.

VI. CALIBRATION UNIT

A. ZIlectrical Description

The calibration unit provides a reference signel to accurately
establish the seneitivity and time characteristic of the overall recording
gystem, The time reference is provided by a Hammarlund Tyve F5135-C fre-
qusnecy standard which is crystal controlled. This serves to trigger a
multivibrator circuit which generates marker pips at intervals of 50, 100,
250 and 500 microseconds as selected 5y the respective positions of a four

position switch (see Figure ). The sencitivity reference is provided by
a2 1 1/2V. battery and voltage divider by means of which the calibration
voltage ray be set to any desired value as read on an accurate millivolt-

meter (see Figure 10). The timing pips are superimposed on the D.C. sensi-
tivity refererce and applied to the input of the vertical deflection ampli-

fiere. Relays are provided for remote switching of the amplifier inputs
from the strain gauges to the calibration source. Then it is simply neo-
essary to push the calibrste push button switch on the front panel of the
nain unit in order to trigger the sweep generator and ‘actwat® the calitrating
relay. The latter relay is a sensitive plate current operated type and has
mercury type contacts to elirinate contact bounce and arcing. It is a

Western Keotric type D-168479 mercury relay with case No. 22108,

B. Mechanical Description

The crystal oscillator, multividbrator and trigger circuit components

are mountsd on the same chassis as the sweep generator., However the 1 1/2 V.,

M 1 D w ¢t s 1 Rt E § [ A R C H 1 N S | ] b u 1 ]
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battery, calibration relay, channel switching relays and channel terminating

boards are mounted in a sheet metal box that can be readily removed at the

back of the main unit through the rear access door and located in the proximity

of the strair gauges. A photo of this box is shown in Figure 6. Two 8 termi-

nal boards are located on one side of the box and a four terminal Jones type
connastor on the oppoeite side. One terminal strip is used for the six
strain gauge vires and the other for the input wiring to the vertical ampli-
fiers. The Jones connector is ueed for the termination of the remote cable
which connects the calibraticn box to the sweep generator. A jumper cable

ie ueed to complate this remote connection at the main unit when the calibra-

tion box is remotely looated.

C. Specifications

1, Csl. pip intervals 50 microsec
100 *
250 *
500 ¢
2. Cal, voliage range 0 to 30 millivolts

3. Over-all dimensions g 1/2 inches W. x 5 3/4 inches D.

x 5 1/2 inches H.

VII. OVERALL ASSEMBLY

Xlectrical Description

A block diagram of the overall equipment is ahown in Figure 11.
Connectionas to the calibration unit are shown with a broken line singe it

may be removed frox the main ualt and located near the strain gaugee. In

1/
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" this case the preamplifiers of the vertical deflection amplifiers are

also remotely located so that connectione betwsen the calibration unit and

b4

preamplifiers may be as short as possible.

Terminations for all external connections to the main unit are
located at the back es shown in Figure 12 (c). Jumper cables are provided
for completing smplifier and calibration circuits when the preemplifiers and
c=1libration unit ere remotely lecated.

Al]l horizontal end vertical deflection pletes are directly connected

to phone jacks at the top of the cabinet as shown in Figure 12 (a).

ST

Svitch contacte are provided in these Jacks so that then the nhons plugs

are inserted the daflecticn plates are isolated from all internal circuits

i st A e

and external posltioning snd deflection voltaree may be 3 ‘ectly applied.
All controls are located on the front panel (see Flgure 12 (a).
lb Those immediately above end below the cathode ray tubes control the top and

botton "gune" respectively, From left{ to right the controls function as ‘

follows:
1. Vertical Position
2. Intensity

3. Vertical Amp, Gain

4, TFocus

f. Horizontal Position

Controls on the lowsr front panel as viewed from left to right
and top to bottom serve as follows:
1. Sweep trigger (test) switch

2., Swaep reset switech

. 3. Calidbrate awiteh P
[ S | 0 W ¢ s 7 | JE 3 H t A R < L] U N N f I T J T € |
21-11 '
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4. Sweep selector switech "Single - Repeat"
5. Sweep amplitude control
€. Sween duration control
7. Sweep delay time control
8. Celidration ewitch, "Off-On"
9. Calibration Frequency control
10. Calibration "pip" amplitude control
11. Low voltage power supply swiich, "On-Off"
12, Low voltage plate supply switch, "On-0ff"
13. High voltsge power supply switch, "On-Off"
Three fuses zre mounted at the back of the cabinet adjacent to
the power connector. They are located relative to the connector as follows:
l. Low woltage power supply fuse, Type JAG,5A.

2. L " plate ] " ] " "

3. High voltage power supply fuse, Type 8AG, 3/UA.

B. Mechsnical Deecription

The frame or rack of the cabinet is fabricated of angle iron.
411 the panele and shelves are fabricrted of aluminum in order to reduce
weight., Rubber mounting feect =re provided at each of the four corners in
order to reduce the misrorhonic effects of vibration. The two power supvlies,
swveep generator and calidration unié are mounted cn the bottom shelf while
the six verticel daflection smplifiers are mounted on the uoper shelf imme-
diately below the cathode ray tubes. Each amplifier 1n‘supported by flex-
ible rubbar postain order to further reduce microphonic effects. A bakelite

panel serves as a mounting means for all the positioning, focus and intensity
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control components. Tris pamel extends across the cabinet at the same

height as the C-R tubes 2nd its plane is parallel to and about eight inches
back from the front panel. The C~R tubes are supported at the front by a
bezel lined with 1/U4 inch felt and at the back by a bracket which clamps
around the C-R tube and is hnng‘from the top vanel. The length of the bracket
is adjustable so that the height of the back end of the tube may be aligned
with the front. ZExteneion shafts and insulated couplings sre employed between i
the bakelite panel controls and front panel kmobs.

The cabinet rack is finished with a smooth black enamel and sll

panels with a blzack wrinkle enamel,

¥ e——

C. Specifications

1. Power Supply
2. Power consumpntion

3, Overall Dimensions

110V., 60 oycle, 1 phase

et .

5L0 watts

32 1/2 inches W by 24 inches D by 25 1/2

inches H.

h. Weight 235 pound'

ety gy e R

VIII. CAMERA ASSEMBLY

A. General Tescription !

The Dumont tyce 271-A oscillogrash record cemera ae shown in Figure |
13 counsiste »f three major components; the clamp, light hood, end csmera
propsr., The clamp han two rdjustment screwe which control two dizmeters, |
one of which graeps the c-thode-ray tube bezel, the other, the light hood.
The camera is fixed permanently at the proper distance to irsure that the
cathode ray tube image will always be in focus. It uses 35 mm film and has

a fixed-focus £/3.5 coated lens and simplified shutter with Time, Bulb and
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1/30 second exposure positions.

hole at the camera end of the hood and the exposure is made by conventional

cable relezse,

The image may be observed through a peep ‘

RESTRICTED

The camera is held on the light hood By a bayonet lock and spring

detent so that it can be readily removed for shutter and lens settings,

and also for loading and unloading of film spools.

B. Specifications
1, Lens speecd
2., Shutter speeds
3. Yocus
4, Object to image ratio
5. Flm
6. Max. dia. of mounting ring
7. " * " body at center

8, Overall length

Weight

IX.

£/3.5 with diaphragm from
£/3.5 to £/16

Time, Bulb and 1/30 sec.
Fixed

4.5/1 approx.

35 MM. Super XX

6 inches

4 3/4 inches

13 1/2 inches

41/2 1vs,

SUGGESTED IMPROVEMENTS

After the equipment had been in use for a while several improve-

ments in the design became apparent.

1.

They are as follows:

Bring out each control grid of the C-R tubes to a terminal

80 that external blanking or intensification may be applied.

2.

Change position of output and power supply terminals on the

V. deflection amplifiers so that they are more accessibdle.
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| A
4. Heverse the mounting of the deflection plate alignment con-
trole and tyne GAL5 dicdes so that they will be acceesible from the
resar,
4, Use seperate bleeders for each C~R tube gun in the -150G0V.
supply so that the present heavy current drawiiug bleeder will not be

required.

5. Use a cable connector for termination of control panel wiring

at the sweep gene~rator,

6. Use rapid engaging type of fasteners for the penels of the

unit in place of the present machine screws,

X. STRAIN TRAISIZNT RZCORDS

Several strain versus time racords have bosn taken from a tyrwical
firing test and are presantsl here to i1llustrate the use of ‘his equipment,
For the test shown, a sircle plate of 24SP3 Alclad Aluminua, 0.102 inch thick,
was struck by a tyrlcal flat end fracaent heving a mass of 17.22 X IO“M slugs.
The records are shown in Piguree 15 and 16 corresnonding to 6-type S-il etrain
gages nositioned radielly from the point of impnct. The sinusoidal calibration
cerve opposite each strain record is used to relate the displacament of the
record to units of strein ~nd is ottained ty sendins a sien»l of known input
voltage and frequency throursh eech channel, This tyne of enlibration was used
in obtaining all the records shown. Later work disclosed the need for the
more satisfactory tyre of calibration descridbed on page 21-35, The sinusoidal
calibration records shown are scaled to determine the input voltage per unit
of displacement. Trie value 1s used to relste the urits of s‘rain ner unit of
straln record disvlacement from lmswn characteristics of the straln zage.

For examnle: The results of acaling the calibration curve ensrresponiing to

position A, Figure 15, show that 10,47 X 10-3 volts are required to obtain
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a deflection on the record of one inch, The voltage applied across the
strain gage during impact was 4.25 volts. From previous celibration, the
proportionality factor between units of strain and applied voltage for
this gage is 3.h6. Rence, one inch deflection of the strain reuord ise
equal to:

10,47 X 10°3 = 0.000711 units of strain.
b,25 X 3.40

Time calibration is determined from the known frequency of the input cali-
bration signal., In Figure 15 all calibration signals had a frequency of
five (5) kilocycles. Thus, each cycle represents a time duration of
1/5000 = 0.2 milliseconds. Similarly, in Figure 16 each cycle represents
2 time duration of 1/10,000 = 0.1 milliseconds.

Figure 15 is a record of elastic strain traneients only.
Figure 16 is a record from a tyoical firing test resulting in complete pene-
tration. JIdentical fragments and targets were used in each case. In bdoth
records, the high frequency bending etrains recorded after passage of the
primary strain wave appear to be the result of reXlections from the sdge
of the target. It is interesting to compare the time of penetration with
the time required %o build up the primary strair wave shown in Figure 16
at point A, TYor purposes of a qualitative calculation, it may be assumed
that the deflection of the target during penetration is equal to or lase
than that of the same target loaded statically to fallure upon a circular
support for which the sxtent of permanent deformation resclting from pene-
tretion is the same. The permanent deformation resulting from penetration
in this case extended radially from the point of impact to approximately

one inch. JFrom static tests conducted previously on identical plates loaded
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by flat end punches of the same diameter as that of the striking fragment,
this amount of deformation corresponds to a deflection of about 0.070 inch.
Target thickness wes 0.102 inch. Since the average velocity of the fragment

was 828 ft,/sec., penetration was complete in 0.070 <+ 0.102 = 0.017
828 X 12

milliseconds or less. This time should correspond reughly to the time re-
quired to build up the primary strain wave at point A of Figure 16 which

by direct measurement of the record is approximately 0.03 milliseconds.

The fact that this latter time is longer than the calculated time to penetrate

is a loglical result since point A i{s located some distance away from the
point of impact. It i{s readily seen that éhe time required for penetration
i1s only a small portion of the time range covered by the records of Figure
16. It appears likely that some correlation between the time required to
build up maximum astrains and the time required for penetration can be made
from records of strains obtained sufficiently cloee to the point of impact.
Such a correlation would make possible the calculation of target loads as a
function of strain rate,

In both cases of elastic impact and penetration the higher strain
frequencies are seen to be propagated at higher velocitles. This would
normally be expected from theory pertaining to the elastic behavior of
vibrating plates. As a result it appears that elastic bending is primarily
involved in both types of impact.

In Pigure 17, maximum and minimum etralns are plotted as a func-
tion of distance from po. ¢t of impact from which it ie seen that maximum
strains for the case of pern: ‘ration are roughly ten times greater than

those produced by elastic impact.

[} 1 D W 3 s 1 L} € ) t A R C ] 1 N s 1 1 1 v Y £
21-17
e i3 — —— YEr PIA IR v s i EPDRAL B o - ’ - —~
e o b s IS ESE. iy ’ :'rﬁ?%:;:_-’l D e
AL ?‘ _ch_.‘%* ARSI S g;ﬂ,@.‘;
- =5 . y - 4 — o v
= .
__' » . t @ 1 %

bbb ot

st o o




b
ﬁ,%ﬁ*‘

RESTRICTED

In Figures 18 and 19, the radisal conflguration of the plate is
plotted for successive instants. Since the strain pages were spaced at
intervals of one inch, there is mome doubt as to whether the actual con-
figuration of the plate is accur-tely represented by the curves drawn
through the plotted points., It is possible that higher frequencies would

ghow up by closer spacing of the gazes.
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